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T h e  D epartm ent of Highways has a ttem p ted  only two cold recycl­
ing projects. T he  first was constructed  in 1978 on SR-32 in F oun ta in  
C ounty. T he road  was reh ab ilita ted  w ith an in-place stabilized base 
using an em ulsified asphalt.
T h e  pavem ent was ripped  with a dozer, w indrow ed, and  crushed 
in p lace. V irgin aggregate, 150 lb ./sq . yd., was added  an d  2 .3%  
AE-150 was applied  w ith a d istribu to r. T h e  m aterials were m ixed in 
place w ith a ro tary  m ixer. T he  stabilized m ate ria l was leveled to a 
un iform  cross section w ith a g rad er an d  com pacted . A bitum inous 
coated  coarse aggregate base was p laced  over this and  a seal coat was 
added  for a w earing course.
From  all the in form ation  I have, the project was a success. T he 
roadw ay was reh ab ilita ted  w ith a m in im um  of expense an d  provides 
satisfactory service for the traffic loads it carries.
T h e  second project was constructed  this past sum m er. T he im ­
petus cam e from  some groundw ork laborato ry  investigations conducted  
at P u rdue  on the use of foam ed asphalt in recycled pavem ent layers. As 
an  extension of this work the D epartm en t of Highways selected a secon­
dary  road  scheduled  for resurfacing  du rin g  1981 for a cold recycling 
project to com pare field perfo rm ance w ith the laborato ry  results.
R ehabilita tion  of the road  was divided into  two experim ents. T he 
east h a lf of the project consisted of a recycled base using em ulsified 
asphalt and  the west h a lf a recycled base using foam ed asphalt. Details 
of the em ulsion stabilized base follow.
T he  five m ain  objectives of this p ro ject were to:
1. D eterm ine the feasibility and  suitability  of the foam ed 
asphalt process and  cold m ix recycling to reh ab ilita te  a ro a d ­
way.
2. C om pare the perfo rm ance of pavem ent recycled w ith d if­
ferent b itum inous b inders u n de r actual conditions of w eather 
and  traffic.
3. D eterm ine the costs of and  tim e requ ired  to construct a pave­
m ent section by cold recycling.
4. D eterm ine the interest and  ingenuity  of con tractors to ac ­
com plish the work.
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5. T o  gain  experience in cold recycling of b itum inous 
pavem ents.
T he  site selected for the pro ject was an  8.8 m ile section on SR-16 
in Jasper C ounty, from  US-231 to the Jasper-W hite  C ounty line. T his is 
a stra igh t, relatively flat secondary ro ad  w ith a d irectional A D T of 250 
vpd. T h e  road  was ru tted  and  bleeding in the w heelpath  an d  bad ly  in 
need of an  im proved cross section. T h e  pavem ent was, however, s tru c ­
turally  sound.
A series of cores were taken  to determ ine the com position of the 
existing pavem ent. T he  average asphalt con tent was 6 .1%  and  very 
un iform  th rou g h o u t the length  of the section. T h e  asphalt residue h ad  
an  average p en etra tio n  of 41 b u t this was qu ite  variable , rang ing  from  
28 to 63. T he  k inem atic  viscosity was 460 cSt and  again  qu ite  variable , 
rang ing  from  195 to 650, and  the average pavem ent thickness was 5 in.
Based on an  average subgrade CBR of 22, the asphalt institu te  
thickness design procedure called for a 9-in. pavem ent. This was felt to 
be excessive since the existing 5-in. pavem ent h ad  successfully carried  
the traffic loads for a n u m b er of years.
T h e  typical section u ltim ately  chosen called for 5 -1 /2  in. of 
stabilized base topped  with 120 lb ./sq . yd. o f dense g raded  surface. 
This w ould give a total pavem ent thickness of abou t 7 in. T he  dep th  of 
the stabilized base was arrived at strictly from  a p ractica l po in t of view. 
It was an tic ip a ted  the No. 53’s would be used for the virgin aggregate. 
If  the existing pavem ent was pulverized and  spread  to a 22-ft. w idth it 
w ould provide 4 in. of dep th . T h e  m in im um  thickness th a t the 53’s 
could be app lied  was the top-sized aggregate or 1-1/2 in. add ing  these 
gives a 5 -1 /2  in. dep th .
T he project was let u n der C on tract No. R S-13064 and  bid  on the 
basis of in-place recycling. T h e  proposed p rocedure  was to excavate the 
w idening trenches, pulverize and  spread  the existing pavem ent across 
the new w idth and  add  160 lb ./sq . yd. of virgin aggregate. AE-150 
w ould be applied  at the ra te  of 1 /8  g a l./sq . yd. to the surface and  
shallow m ixed w ith the virgin aggregate. This w ould be equivalent to 
add ing  4%  asphalt to the aggregate. An add itiona l AE-150 of 1% 
w ould be app lied  and  m ixed full dep th . T he m ate ria l was then  to be 
leveled and  com pacted .
T he  successful low b idder was A. Metz Inc. of Rensselaer. Just 
p rio r to construction  the co n trac to r learned  th a t the tw in-shafted 
travelling  pugm ill he in tended  to use for in-place m ixing was no longer 
available. A dditionally  the subcon tracto r perfo rm ing  pavem ent red u c ­
tion could not supply a m illing m ach ine  capab le  of reducing  5 in. in 
one pass. T he  co n trac to r proposed, and  the state agreed to rem ove the 
pavem ent in two layers and  hau l it to his cen tral batch  p lan t abou t 5
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m i. from  the jobsite for m ixing.
Since the m aterials were to be ba tch  m ixed, m ix p roportions needed 
to be determ ined . A dding  1-1/2  in. of aggregate am oun ted  to a 3:1 
b lend  of reduced  pavem ent to virgin m ate ria l.
O n the assum ption th a t the cen tra l p lan t pugm ill would produce 
m ore efficient m ixing th a n  in-place, all of the AE-150 was allowed to 
be added  in a single m ixing opera tion . T h e  total asphalt con tent of the 
resu ltan t m ix would be abou t 6 -1 /2 % . It was assum ed the several p e r­
cent of the original asphalt h ad  oxidized and  h ard en ed  and  th a t the e f­
fective asphalt con tent was a round  4 % . Since 4%  asphalt was added  to 
the virgin aggregate and  ano ther 1% to the to tal m ix, we assum ed an 
effective asphalt con ten t of from  4 to 4 -1 /2 %  in the final p roduct. 
This is consistant w ith w hat is specified for a dense g raded  hot m ix base 
u n de r traffic.
This p roject was changed  from  in-place to cen tra l p lan t recycling 
due to circum stances which were unforeseen p rior to construction.
T he  pavem ent was pulverized and  rem oved w ith a CM I rotom ill, 
tran spo rted  to the cen tral mix p lan t an d  stockpiled. T he  m illing 
m ach ine  h ad  no difficulty in p roducing  a well g raded  m ate ria l w ith a 
1-1/2 in. top  size. T h ere  was a noticeable d ifference in the g rad a tio n  
betw een early m orn ing  and  m idday. T he  m ach ine produced  a finer 
g rad a tio n  w hen the pavem ent was cool. By m idday  the pavem ent was 
h eated  an d  h ad  softened considerably an d  tended  to b reak  off in slightly 
larger chunks. T h e  speed of the m illing  m ach ine varied w ith the heat 
of the pavem ent b u t averaged abou t 40 f t ./m in .
T he  co n trac to r was not allowed to leave a d rop  off betw een lanes 
overnight since traffic was m a in ta ined  on the road  all d u ring  construc­
tion. T o  accom plish this the top  2 -1 /2  in. was rem oved from  bo th  lanes 
for several miles. T he  bo ttom  2-1 /2  in. was then  rem oved from  one 
lane, only as far ahead  as the paver could  catch  up  to by the end  of the 
day. T h e  m illing m ach ine  could rem ove m ate ria l m uch  faster th a n  it 
could be paved.
Each day the m illing  crew w ould sta rt rem oving the bo ttom  layer 
at 6 a .m . T he  paving crew w ould sta rt p lacing  the recycled m ix at 8 
a .m . By m idm orn ing  the m illing crew w ould have rem oved enough 
bo ttom  m ate ria l for th a t day an d  could resum e rem oving the top  layer 
in equal lengths from  bo th  lanes.
T h e  one m ajo r m istake m ade on this project concerned stockpiling 
the reduced  pavem ent. Since in-place recycling was to be used o rig in a l­
ly, the idea of stockpiling the reduced  pavem ent w asn’t considered u n ­
til the 11th hour. T h e  fact th a t the asphalt con ten t in the top  layer was 
m uch  h igher th a n  the bo ttom  layer, w asn’t im m ediately  recognized as 
a m ajo r concern. As a consequence no provisions were m ade to 
stockpile the top  cut separately  from  the bo ttom  cut.
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In  any given day the m illing crew rem oved a considerable am oun t 
of bo th  top and  bo ttom  layers. This m ateria l was all p laced  in one 
g igantic stockpile at the p lan t. T h e  d ifferent layers were no t random ly  
sp read  th roughou t the pile, however, b u t were grouped  in large areas.
As the m ix was p roduced  the chances were g reat th a t it w ould be 
com posed of m ate ria l from  only one layer. If the recycled pavem ent 
was to have a un iform  asphalt con tent, equal parts  of bo th  layers 
w ould be needed  in each batch . In  retrospect it seems ra th e r sim ple, 
b u t a t the tim e we agonized over the inconsistency of the m ix un til 
som eone had  the good sense to recognize w hat the prob lem  was.
U nforunately  m ost of the em ulsion m ix h ad  been p laced by the 
tim e we caugh t the m istake and  not m uch  could be done except to sta rt 
stockpiling the layers separately from  th a t point. T h e  one consolation 
was th a t the foam ed asphalt po rtion  of the project, which could be 
considered the m ore im p o rtan t p a rt, was done after the em ulsion sec­
tion  was com pletely finished, and  by th a t tim e the prob lem  was co r­
rected .
T h e  cen tral p lan t pugm ill was used for m ix p roduction . T he 
m ate ria l were loaded  into the cold bins from  stockpiles. T h e  con tracto r 
was forced to keep one m an  at the reduced  pavem ent b in  constantly, as 
the m ate ria l tended  to arch  over the opening and  stop flowing.
This b in  h ad  to be filled very slowly so th a t the m ate ria l w ould not 
com pact together. A trem endous am ount of abuse was heaped  on this 
p a rtic u la r b in  w ith a sledge h am m er th roughou t the project. A m uch  
shallower b in  slope coupled w ith a strong v ib ra to r would be needed in 
o rder for the m ate ria l to feed properly.
T h e  individual b in  feeds were set for a 3:1 b lend  the first day, and  
verified twice a day the reafte r by sam pling the belt. Sam ples were 
taken  twice a day to check asphalt con tent and  g radation .
A 2 -1 /2 -in . scalping screen was p laced  in the tower to rem ove 
oversized m ate ria l, however, very little oversized m ate ria l was e n ­
coun tered  and  these were p robably  caused by the m ate ria l c lum ping 
together in the cold bin.
A lthough there was a good deal of ra in  du ring  construction, no 
m oisture problem s were encoun tered  in the stockpiles.
T h e  reduced  pavem ent and  virgin aggregate were dry m ixed for 5 
sec. and  wet m ixed for 40 sec. T he recycled m ix was p laced w ith a 
paver in the sam e m ann er as a hot m ix. T h e  only difficulty e n ­
coun tered  was a tendency for the m ate ria l to stick to the screed when 
the paver stopped for m ore th a n  a few m inutes.
Each tim e the paver resta rted  a nu m b er of tears were m ade at the 
surface. This m ay have added  to the unevenness of the final p roduct, 
b u t m ore th a n  anything was a constan t annoyance to the paving 
forem an who also h appened  to be the com pany president. A ttem pts
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were m ade to rem edy the prob lem  by h ea ting  the paver screed, b u t this 
was never resolved.
O ne no ticeab le d ifference betw een this m ate ria l and  a hot m ix was 
th a t it was qu ite  fluffy w hen placed. A bout 4 in. loose were requ ired  to 
get 2 -1 /2  in. com pacted  dep th . W e tried  using a pneum atic  ro ller for 
com paction , b u t the m ix continually  picked up on the tires and  this 
was abandoned . All com paction  was done w ith a steel wheeled roller.
T he  first day the m ix was p laced, a nuclear gauge was used to 
determ ine the n u m b er of rolling passes necessary for m axim um  dens­
ity. No increase in density was realized after six passes and  this p a tte rn  
was used for the rem aind er of the work. T o  get an idea of the u n ifo rm ­
ity of the m ate ria l the nuclear gauge was used th roughou t the job  to 
com pare the density ob ta ined .
T he  biggest p roblem  encoun tered  w ith the m ix was ravelling and  
ru ttin g . T here  were a n u m b er of isolated areas w here the m ix really 
just d isin tegrated . T here  were also several areas w hen this occurred  
across the e n tir ;  pavem ent w idth for several h u nd red  feet. A nu m b er 
of possible explanations have been suggested for these failures. T he 
real cause was p robably  a com bination  of all of them :
1. T h e  hau l trucks caused some of the ru ttin g  by ru n n in g  on 
the m ix before it was properly  cured.
2. W hen the hau l trucks were o rdered  off the fresh m ix they 
dam aged  the exposed subgrade in spots and  subsequent lays 
over these areas failed.
3. T h e  m ix took several days to cure and  develop strength , to 
the po in t w here traffic would not h a rm  it.
4. Some of the m ix produced  w ith the bo ttom  cut was too lean 
to hold together u n de r loads.
Several steps were taken  to rem edy these failures, an d  although  not 
com pletely successful, d id  reduce the problem :
1. H aul truck  traffic was restric ted  on the m ix un til it was 
several days old.
2. T he  m ix was p roduced  an d  stockpiled at the p lan t for several 
days to allow p artia l curing  before p lacem ent. T his was a 
suggestion from  a gen tlem an  w ith the W isconsin D epartm ent 
of Highways who hap p en ed  to visit the project.
3. T he  m ix was allowed to lay open beh ind  the paver for as long 
as possible before com paction .
4. T h e  m ate ria l was stockpiled m ore carefully  to avoid the in- 
consistant asphalt con tent.
T h e  failed areas were all rem oved and  rep laced  before the surface 
was applied . In  the several areas w here the pavem ent failed across the
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full w idth a th ird  2-1/2 -in . layer of recycled m ix was p laced in o rder to 
b ridge over the soft subgrade, as this was felt to be the cause of the 
prob lem . A dense g raded  slag surface was p laced  over the stabilized 
base m ate ria l and  g ran u la r shoulders were added .
In the nearly  9-lane miles place, only one surface failure  occurred  
after construction. In this area the base m ateria l sheared a p a rt causing 
several wide cracks in the surface. Cores were taken every 0.1 m i. in 
bo th  lanes a fter the surface was in place. It was difficult to get good 
full dep th  sam ples. No tack coat was p laced betw een the two base 
layers and  the bo ttom  layer tended  to stay in the core hole. A ttem pts to 
rem ove the bo ttom  layer generally dam aged  them  beyond repair. From  
these cores we were able to cut 16 good specim ens of the top layer and  
ten  good specim ens o f the bo ttom  layer. From  these sam ples, density, 
Hveem stability  an d  asphalt con tent were determ ined . A lthough  the 
sam ple size was relatively small some in teresting  differences were no ted  
betw een the layers. T h e  average density of the bo ttom  layer was 3 pcf 
m ore than  the top  layer. Also the Hveem stability  averaged five h igher 
than  the top . T he  asphalt con tent was 1.3%  less than  the top  layer i r ­
respective of the layer. T h e  average density of the m ate ria l was 141.7 
pcf bu t was qu ite  variable rang ing  from  133 to 151 pcf. T he average 
stability  was 21 bu t again  ranged  widely from  10 to 40. T he  average 
asphalt con tent was 5 .92% . T he  sam ples taken at the p lan t du ring  
construction  showed an average asphalt con tent of 6 .2% .
T he g rad a tio n  of the recycled m ix is slightly m ore dense th a n  the 
original pavem ent. From  the No. 4 th rough  the No. 200 sieve the 
g rad a tio n  falls alm ost exactly on Fuller’s m axim um  density curve. 
C om paring  the recycled m ix g rad atio n  to a No. 5-D base, which is the 
denest hot m ix base specified by the d ep artm en t o f highways, shows 
fairly close agreem ent. T he  recycled mix has a slightly less 3 /8  to 3 /4  
in. frac tion  an d  a slight excess of No. 4 to 3 /8  in. frac tion .
T he  strength  of the recycled m ix was com pared  to the original 
pavem ent w ith dynaflect tests. A dynaflect test consists of applying a 
1000 lb. dynam ic force to the pavem ent at 8 cycles/sec. and  m easuring 
the deflection at 1-ft. intervals away from  the po in t o f load ap p lica ­
tion. From  these m easurem ents, pavem ent stiffness, the ability of the 
pavem ent to d istribu te  loads to the subgrade, and  the subgrade su p ­
port can  be evaluated. Both before and  after construction, dynaflect 
tests were perfo rm ed  every 0.1 m i. in bo th  lanes.
Figures one th rough  three depict the results of the dynaflect tests. 
T h e  shaded  areas of these graphs represent w here the recycled pave­
m ent was an  im provem ent com pared  to the original pavem ent. Figure 
one, the recycled pavem ent yielded sm aller deflections over ap p ro x ­
im ately 75 percen t of the project. Pavem ent stiffness was also im proved 
over 75 percen t of the project, as seen in Figure two. Figure three
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depicts the spreadability  or the percen t of the load  tha t is d istribu ted  to 
the subgrade. Typically, spreadability  ranges from  40 to 60 percen t for 
b itum inous pavem ents. This is generally  the case for the m easurem ents 
on bo th  the original an d  recycled pavem ent.
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Fig. 1. T otal D eflection of Recycled Pavement versus O riginal Pavement 
from Dynaflect Tests
= Original Pavement Shaded Areas Represent Where The Recycled
DISTANCE (MILES)
Fig. 2. Pavement Stiffness of Recycled Pavement versus O riginal Pave­
ment from Dynaflect Tests
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Fig. 3. Spreadability of Recycled Pavement versus O riginal Pavement 
from Dynaflect Tests
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